The aim of this study was to evaluate the eff ect of clarifi ed egg yolk addition to semen extender, and the semen collection sequence on the quality of frozen-thawed semen in dogs. Semen was collected from 6 dogs in a time interval of 24 hours. As parameter of the quality of frozen-thawed (F-T) semen, the motility by computer assisted sperm analysis (CASA) and plasma membrane integrity by hypoosmotic swelling test (HOS) were evaluated. All kinematic parameters of sperm motility were higher in F-T samples containing the whole in comparison to the clarifi ed egg yolk. The sequence of semen collection aff ected sperm movement characteristics of native as well as F-T semen, but it was not possible to determine whether the fresh semen from the 1 st or 2 nd collection is of higher quality. All motility parameters of sperms frozen with extender containing the whole egg yolk were signifi cantly higher in the case of the 2 nd collection. The situation was not so clear in the case of clarifi ed egg yolk addition, but the velocity values were higher in F-T samples from the 2 nd collection. In contrast to proven diff erences in motility, the eff ect of the addition of clarifi ed egg yolk and the sequence of semen collection were not projected at all on the quality of plasma membrane of canine sperms evaluated by HOS test.
INTRODUCTION
In recent decades, the interest in assisted reproduction in dogs' breeding has increased. One of the major methods used is artifi cial insemination (AI). In the case of AI, bitches can be inseminated with fresh, cooled or frozen-thawed semen (England et al., 2014) . The pregnancy rate when fresh or cooled semen is used could achieve similar success to that a er natural mating (Payan-Carreira et al., 2010) . In the case of avoiding the need for long-distance travel for the purpose of mating or insemination with fresh semen, ejaculate from dogs can be collected and frozen insemination doses can be produced (Thomassen and Farstad, 2009 ) which can be sent to clients worldwide. Unfortunately the cryopreservation process induces irreversible changes, which are the cause of decreased numbers of fertile sperms in frozen-thawed insemination doses (Beran et al., 2011; Thomassen et al., 2006) . This negative eff ect of cryoconservation urges scientifi c teams all over the world to increase the eff ectivity of this process, e.g. by improving the composition of semen extenders by the addition of low-density (Beran et al., 2013) , or by removing the high-density lipoproteins (Jasko et al., 1992) contained in egg yolk (Demaniowicz et al., 1996) which is a classic cryoprotective component of semen extenders used in the manufacture of frozen insemination doses. The positive eff ect of LDL on canine chilled (Bencharif et al., 2013) and frozen-thawed semen (Varela et al., 2009 ) was proven. However, production of pure LDL rich egg yolk fraction represents high demands on laboratory equipment and chemicals (Moussa et al., 2002) . A possible method of substituting for the aforementioned method is the clarifi cation of egg yolk (Holt et al., 1996) . The relationship of clarifi ed egg yolk addition to frozen semen extenders to the quality of frozen-thawed semen has been studied, for example, in bulls (Wall and Foote, 1999) , Iberian red deer (Fernández-Santos et al., 2006) and red wolves (Lockyear et al., 2009 ), but not in dogs.
In the case of breeders wishing to freeze ejaculate from their dogs, they need to visit a veterinary clinic or specialised facilities, meaning that they sometimes need to travel long distances. As the whole process of the production of frozen insemination doses is economically demanding, it seems suitable to collect the semen from dogs repeatedly to increase the numbers of insemination doses produced. However, the question is whether the quality of the collected ejaculate is satisfactory for the production of cryoconserved insemination doses. There are studies describing changes in the quality of fresh ejaculate from dogs when they were collected twice in a 60-minute interval (England, 1999; Gunay et al., 2003) , every alternate weekday and three days in a row (Filipčík et al., 2011) . Nevertheless, studies are lacking to evaluate the relationship of the semen collection sequence and the quality of frozen-thawed semen of dogs.
Therefore the aim of the present study was to evaluate the eff ect of clarifi ed egg yolk addition to commercially produced semen extender and semen collection sequence on the quality of frozen-thawed semen in dogs.
MATERIAL AND METHODS
In our study, 6 dogs of the German shepherd breed were used during the period from March to May in 2015. All the dogs were healthy, without reproductive abnormalities and ages ranged from 2 to 6 years. Only second sperm rich fraction was collected by digital manipulation into calibrated sterile plastic tubes. In this study, in each of the 6 dogs, two collections were performed with a time interval of 24 hours. Each dog was collected 12 times (i.e. six 1 st and six 2 nd collections), which means that the total number of sperm samples collected from 6 dogs were 72. The dogs were sexually rested at least for 5 days before the couple of collections and all collections were performed by the same technique, the same laboratory technician and under constant conditions. Immediately a er collection, the semen was subjected to volume and sperm concentration analysis, the latter with the Bürker chamber. Motility was evaluated subjectively under a Nikon Eclipse Ci-L microscope equipped with a negative phase-contrast lens with magnifi cation ×100. Only samples with more than 70% of motile sperms and a concentration of more than 300 × 10 6 /ejaculate were used for cryopreservation.
A er initial evaluation, the ejaculate was centrifuged at 700 × g for 5 minutes and supernatant was removed. Consequently, extender was added to the centrifuged ejaculate to a fi nal concentration of 200 × 10 6 spz/ml. The extender used in this study was TRIS-based CaniPlus Freeze (CF) extender (Minitübe, Tiefenbach, Germany), with the addition of two diff erent types of egg yolk. Whole egg yolk (EY) was added to the fi nal concentration of 20% v/v in a solution of sperms and extender. Clarifi ed egg yolk (CY) was prepared by the technique described by Holt et al. (1996) . Briefl y, egg yolk was separated from the albumen and rolled on fi lter paper. A erwards yolk was collected with a sterile syringe and added to the centrifuge tube with ultrapure water (1:3) and centrifuged at 10 000 × g for 30 minutes at 5 °C. A er centrifugation, the pellet at the bottom was discarded and plasma (supernatant) was used as the clarifi ed egg yolk. The CY was added to the fi nal concentration of 20% v/v in a solution of sperms and extender.
The extended semen samples were fi lled into 0.25 ml straws and placed into a refrigerator (5 °C) for 2 hours for equilibration. A er this period, the straws were placed on an iron rack 4 cm above the liquid nitrogen level for at least 15 minutes and then placed directly in a container with liquid nitrogen. The straws were thawed in a water bath at a temperature of 38 °C for 60 seconds. Motility was evaluated using Computer Assisted Sperm Analysis (CASA) NIS Elements 4.30 (Laboratory Imaging Ltd., Prague). This so ware worked with camera Imaging Source DMK 23UM021 with a frequency of 60 frames per second. A er thawing, 3 μl of semen sample diluted in physiological saline solution (6.8 pH) to concentration 30 × 10 6 spz/ml were placed in the calibrated Leja® counting chamber with 20 μm depth (IMV, Aigle, France). The pre-heated counting chamber (37 °C) was placed at the heating stage with the same temperature and 6 random fi elds were analysed at magnifi cation ×100. The following parameters of sperm motility were analysed: amplitude of lateral head displacement (ALH, μm), beat-cross frequency (BCF, Hz), linearity (LIN, %), straightness (STR, %), average path velocity (VAP, μm/s), curvilinear velocity (VCL, μm/s), straight line velocity (VSL, μm/s) and wobble (WOB, %).
Evaluation of the functional integrity of sperm membrane was determined by hypo-osmotic swelling test (HOS test). The hypo-osmotic solution consisted of 7.35 g sodium citrate and 13.51 g fructose dissolved in 1000 ml distilled water and fi nal osmolarity was 150 mOsmol/l. Aliquots of 100 μL of thawed semen were added to 900 μL of hypoosmotic solution, previously warmed to 37 °C. The suspension was incubated at 37 °C for 30 minutes (England and Plummer 1993) . A erwards, the smears were prepared and at least 200 sperms were counted at 400× magnifi cation and the percentage of sperms with swollen tails (HOS+) was determined according to (Rodriguez-Gil et al., 1994) .
Data were analysed in SAS Enterprise Guide (version 4.3.). Diff erences between groups with paired data were analysed by the Student's t-test for paired data. Data are expressed as Least-square means ± SEM and were established on a P < 0.05 level of signifi cance.
RESULTS
As shown in Tab. I, the cryopreservation process induced changes of sperm motility characteristics in frozen-thawed (F-T) semen as indicated in the signifi cant increase of BCF, STR, VAP, VSL and WOB values, whereas the opposite trend was found for ALH and VCL (P < 0.05).
The infl uence of type of egg yolk addition to extender on sperm motility parameters in frozen thawed samples (CFEY, n = 36; CFCY, n = 36) is shown in Tab. II. The addition of EY signifi cantly increased ALH, BCF, LIN, STR, VAP, VCL, VSL and WOB, compared to the addition of CY to CaniPlus Freeze (CF) extender (P < 0.05). The percentage of HOS+ sperms when EY (68 ± 5%, n = 36) or CY (69 ± 6%, n = 36) was added to CF extender in frozenthawed samples did not diff er (P = 0.43).
The semen collection sequence infl uenced motility parameters of native (n = 36) as well as frozen-thawed (n = 72) ejaculate (Tab. III). The BCF, VAP, VCL and VSL in native samples from the 1 st collection were signifi cantly higher compared to the 2 nd collection (P < 0.05). Conversely, the 2 nd collection increased values of ALH, LIN, STR and WOB (P < 0.05) in fresh semen samples. In frozenthawed samples, the diff erences of sperm motility parameters were not so evident. The BCF, VAP, VCL and VSL were signifi cantly higher in samples obtained from the 2 nd collection (P < 0.05). The ALH, LIN, STR and WOB did not diff er when kinematic parameters of motility in frozen-thawed samples from the 1 st and 2 nd collections were compared (P > 0.05).
Tab. IV shows the comparison of kinematic parameters from the 1 st and the 2 nd semen collection in CFEY and CFCY samples. In CFEY samples from the 2 nd collection, the ALH, BCF, LIN, VAP, VCL, VSL and WOB were signifi cantly (P < 0.05) higher compared to the 1 st collection. In CFCY samples obtained from the 1 st collection, the ALH, LIN and WOB were signifi cantly higher (P < 0.05) compared to the 2 nd collection. The BCF, VAP, VCL and VSL in CFCY samples from the 2 nd collection were signifi cantly higher (P < 0.05) compared to the 1 st collection. The sequence of semen collection did not have any infl uence on STR in CFEY as well as in CFCY samples (P > 0.05).
In our study, we did not fi nd a diff erence in plasma membrane integrity evaluated by HOS test in frozen-thawed samples between the 1 st (n = 36) and the 2 nd (n = 36) semen collections (P > 0.05). The semen collection sequence did not aff ect the percentage of HOS+ sperms in frozen-thawed 
DISCUSSION
The values of kinematic parameters obtained by CASA in native ejaculate presented in our study are in the published range for dogs (e.g. Schäfer-Somi and Aurich, 2007; Pena et al., 2012) , thus collected fresh ejaculate from dogs used in our experiment could be recognised as quality. In our study, the cryopreservation process induced changes in kinematic parameters of sperm motility in frozenthawed sperm samples similarly to Dorado et al. (2013) . Hence, the cryopreservation method was performed properly according to the results of studies published by other authors (e.g. Pena et al., 2012) .
The addition of diff erent types of egg yolk to CaniPlus Freeze extender infl uenced the quality of frozen-thawed samples in our study. When whole egg yolk (EY) was added, all the kinematic parameters of motility were signifi cantly higher compared to the addition of clarifi ed egg yolk (CY). In other words, the samples containing the EY seem to be of better quality compared to CY when motility was assessed by CASA. There is no study evaluating the infl uence of diff erent types of egg yolk on sperm motility in frozen-thawed semen in dogs by CASA, even though CASA systems specifi cally have the capability of detecting slight alterations in sperm movement when diff erent sperm diluters need to be evaluated objectively (Schäfer-Somi and Aurich, 2007; Verstegen et al., 2002) . Lockyear et al. (2009) used EY and CY for the preparation of frozen-thawed sperm samples in red wolves and did not observe any infl uence on motility parameters. However in their study, contrary to ours, subjective motility evaluation instead of CASA and electroejaculation instead of masturbation was used. In another study evaluating addition of either EY or CY in Iberian red deer epididymal sperm samples, authors (Fernández-Santos et al., 2006) found that the addition of 20% CY positively increases the subjectively evaluated percentage of motile sperms post-thaw. Interestingly, the quality of sperm motility which was assessed on the scale of 0-5 (0 -lowest: immobile or death; 5: highest: progressive and vigorous movement), was the same when comparing EY and CY samples.
Since the assessment of motility alone is inadequate for the evaluation of sperm survival a er thawing (Fernandez-Santos et al., 2006) , we also assessed the status of sperm membrane integrity (HOS test). In our study, we did not notice the eff ect of diff erent types of egg yolk added to extender on the percentage of sperms with intact plasma membrane (EY 68 and CY 69%). The representation of HOS + sperms in our study is higher compared to data published by Michael et al. (2007) and Quintela et al. (2010) , but the reason for this diff erence might be in the methodology used. We evaluated the sperm samples according to Rodriguez-Gil et al. (1994) , where only strictly the narrow tails of sperms were considered as sperms with damaged plasma membranes. There are no published studies evaluating plasma membrane integrity when diff erent types of egg yolk were used. In the previously mentioned studies on red wolf (Lockyear et al., 2009) and Iberian red deer (Fernández-Santos et al., 2006) , the relative increase of partial and absent acrosomes and acrosome integrity, respectively, did not diff er between EY or CY. Hence our results, although addressed to sperm plasma membrane integrity, show a very similar trend as the results of Lockyear et al. (2009) and Fernández-Santos et al. (2006) . Based on our results, we can conclude that the addition of 20% EY was more benefi cial compared to CY when the quality of frozen-thawed canine sperm samples was evaluated by motility of sperms. Nevertheless, these diff erences were not evident in sperm plasma membrane integrity. The ejaculates from dogs in our study were collected at a 24 h interval. Each parameter of sperm motility in native ejaculate signifi cantly diff ered between the 2 collections, hence it is diffi cult to conclude from these results which ejaculates are better, whether from the 1 st or the 2 nd collection. However, signifi cantly higher velocity values (VAP, VCL, VSL) are evident in fresh ejaculate samples from the 1 st semen collection. In the case of frozen-thawed samples, half of the parameters (ALH, LIN, STR and WOB) did not diff er between the collections, but the BCF, VAP, VCL and VSL were signifi cantly higher in samples collected from the 2 nd collection. The relationship of the sequence of semen collection and sperm motility was investigated by Vágenknechtová et al. (2011) . These authors published that subjectively evaluated motility did not diff er among three consecutive collections within a week (fi rst, third and fi h day of a week). England (1999) and Gunay et al. (2003) published similar results, and they evaluated the motility subjectively as well. They also observed the same percentage of normal motile sperms when samples were collected twice with a short (approximately 60-min) interval between two collections. It seems that the motility of sperms from native ejaculate might be infl uenced rather by the age of the dog than semen collection sequence when samples are evaluated subjectively (Filipčík et al., 2011) .
In our study, the eff ect of semen collection sequence on sperm motility was also investigated when diff erent types of egg yolk were added to the extender. Each kinematic parameter of sperm motility from the 2 nd collection was signifi cantly higher compared to the 1 st collection in frozenthawed samples containing whole egg yolk (CFEY). In the case of the CFCY samples, the results are not as clear as in the CFEY samples. The velocity values (VAP, VCL and VSL) clearly show better quality of CFCY samples from the 2 nd collection, but this trend is not obvious from the rest of the kinematic parameters of sperm motility. Moreover, the absolute values of velocity parameters in CFCY samples are obviously lower when compared to CFEY samples.
Based on our results, it seems that using the same (i.e. 20%) volume of clarifi ed egg yolk is not equivalent for the same volume of the whole egg yolk. Nevertheless, this idea needs to be verifi ed in other studies. The integrity of sperm plasma membrane in frozen-thawed samples did not show changes as in the case of motility when semen collection sequence was taken into account. The percentage of HOS+ sperms in samples from the 1 st and 2 nd collections was nearly the same in frozenthawed as well as in CFEY and CFCY samples.
To the best knowledge of the authors of this study, there are no published studies using the HOS test for the evaluation of the quality of frozenthawed semen samples in which the eff ects of diff erent types of egg yolk or consecutive semen collections have been studied. In the studies by England (1999) and Gunay et al. (2003) , the quality of sperms in native ejaculate was evaluated via live/ dead staining. In these studies, the authors did not note a diff erence in the percentage of normal live spermatozoa between two consecutive collections within 60 minutes. Moreover, Gunay et al. (2003) did not observe the infl uence of the semen collection sequence (two collections, 60 minutes apart) on the percentage of morphologically normal sperms in native ejaculate. On the other hand, Filipčík et al. (2011) detected diff erences in native ejaculate collected once a day for three consecutive days only in the oldest category of dogs between collection 1 and 3.
Obviously, the live/dead staining, morphology evaluation or HOS test are valuable methods for the evaluation of dog semen. On the other hand, it seems that the detection of subtle changes in the quality of sperms is better when supplemented with some computer-assisted methods (e.g. CASA, ASMA) or fl uorescent staining (Rijsselaere et al., 2005) .
CONCLUSION
The results of the present study show that the eff ect of the addition of clarifi ed egg yolk to semen extender was not benefi cial in comparison with whole egg yolk when motility was evaluated. In respect of the semen collection sequence, we can state that, on the basis of motility results, it was not possible to determine which order of semen collections yields superior native ejaculate, but frozen-thawed samples seem to be of better quality when produced from 2 nd collections. Moreover, cryoconservation of ejaculate collected within 2 nd collections, in which the whole egg yolk was added, yielded the most quality frozen-thawed semen samples. Interestingly, none of the evaluated factors (type of egg yolk, semen collection sequence) infl uence the quality of the integrity of sperm plasma membrane evaluated by HOS test. The fact that, in our study, the eff ect of clarifi ed egg yolk was not evident might presumably be caused with respect to the diff erent content of some compounds (e.g. lecithin) in whole and clarifi ed egg yolk, which may be infl uenced by centrifugation. Therefore, fi nding the optimal concentration of clarifi ed egg yolk which can improve the quality of canine semen post-thaw needs to be evaluated in further studies.
